The study reports estimates of above ground phytomass carbon pools in Indian forests for 1992 and 2002 using two different methodologies. The first estimate was derived from remote sensing based forest area and crown density estimates, and growing stock data for 1992 and 2002 and the estimated pool size was in the range 2,626-3,071 Tg C (41 to 48 Mg C ha −1 ) and 2,660-3,180 Tg C (39 to 47 Mg C ha −1 ) for 1992 and 2002, respectively. The second methodology followed IPCC 2006 guidelines and using an initial 1992 pool of carbon, the carbon pool for 2002 was estimated to be in the range of 2,668-3,112 Tg C (39 to 46 Mg C ha −1 ), accounting for biomass increment and removals for the period concerned. The estimated total biomass increment was about 458 Tg over the period 1992-2002. Removals from forests include mainly timber and fuel wood, whereby the latter includes large uncertainty as reported extraction is lower than actual consumption. For the purpose of this study, the annual extraction values of 23 million m 3 for timber and 126 million m 3 for fuel wood were used. Out of the total area, 10 million ha are plantation forests with an average productivity (3.2 Mg ha −1 year −1 ) that is higher than natural forests, a correction of 408 Tg C for the 10 year period was incorporated in total estimated phytomass carbon pool of Indian forests. This results in an estimate for the net sink of 4 Tg C year −1 . Both approaches indicate Indian forests to be sequestering carbon and both the estimates are in agreement with recent studies. A major uncertainty in Indian phytomass carbon pool dynamics is associated with trees outside forests and with soil organic carbon dynamics. Using recent remote-sensing based estimates of tree cover and growing stock outside forests, the estimated phytomass carbon pool for trees outside forests for the year 2002, is 934 Tg C with a national average tree carbon density of 4 Mg C ha −1 in non-forest area, in contrast to an average density of 43 Mg C ha −1 in forests. Future studies will have to consider dynamics in both trees outside forests and soil for total terrestrial carbon dynamics.
. The cumulative net carbon flux to the atmosphere due to deforestation and afforestation over the period 1880-1996 from Indian forests was estimated as 3.2 Pg C (1 Pg = 10 15 g; Chhabra and Dadhwal 2004) . A number of recent studies have been published on the forest carbon pool (Ravindranath et al. 1997; Chhabra et al. 2002a; Haripriya 2000; Manhas et al. 2006; Lal and Singh 2000) , as well as on emissions from deforestation and land use changes (Ravindranath et al. 1997; Chhabra and Dadhwal 2004; Kaul et al. 2009 ) in India. The phytomass carbon pool is based on growing stock from forest inventory as the primary data. Dadhwal and Nayak (1993) and Lal and Singh (2000) , both used standard expansion and conversion factors, as prescribed in the Intergovernmental Panel on Climate Change (IPCC) guidelines for preparing national greenhouse gas inventories (IPCC 1995 ), while Ravindranath et al. (1997 and Chhabra et al. (2002a) used phytomass densities and biomass expansion factorsfor their estimates, and Manhas et al. (2006) ignored belowground biomass and branches, twigs and foliage etc.
Based on two commonly followed approaches (the ecologically based biomass density approach and the volume-based growing stock approach), the average forest carbon densities estimated in earlier studies were in the range of 30-68 Mg C ha −1 (Table 3) . However, there is wide variation in the estimated carbon pools and fluxes because of methodological differences, different sources of data, estimates for different years, as well as paucity of reliable country wide statistics and use of detailed global parameters for biomass estimates. The ecological studies based on biomass density approach adopted by Dadhwal and Nayak (1993) estimated the forest phytomass carbon pool as 1.99 Pg C (or 31 Mg C ha −1 ) for the year 1985. Using the Remote Sensing (RS) based areas under different forest types and biomass densities for five crown cover levels, total (above and belowground) carbon pool for Lal and Singh (2000) ; [9] this study the year 1986 was estimated as 4.18 Pg C (65 Mg C ha −1 ) (Ravindranath et al. 1997 ). Dadhwal and Shah (1997) estimated the state level forest phytomass C-pool based on two remote sensing based forest inventories, biomass expansion factor for two crown density, and estimates of growing stock. The results suggest that forest phytomass C-pool which was in the range of 3.68-4.27 Pg C in 1982 increased by 76-113 Tg C (1 Tg = 10 12 g) during the period 1982 and 1991 with an annual accumulation of 8.5-12.5 Tg C. The total phytomass C-pool of 4.34 Pg C (about 68 Mg C ha −1 ) for the year 1992-1993 was estimated using biomass expansion factors together with growing stock volume density, for three crown density classes and four major forest types (Chhabra et al. 2002a ). Based on the stratum wise forest inventory data, mean wood density and biomass expansion factors, the above ground carbon pool was estimated to be 2.16 Pg C (about 34 Mg C ha −1 ) for the year 1993 (Haripriya 2000) . Manhas et al. (2006) used growing stock data and specific gravity to estimate the wood (stem or bole) biomass and carbon pool of Indian forests for 1984 and 1994. Total carbon stored in Indian forests (wood only) was 1.09 Pg C and 1.08 Pg C at a density of 24.9 and 24.5 Mg C ha −1 for 1984 and 1994 respectively. Chhabra et al. (2002b) estimated the total carbon pool of 3.87 Tg C (with an average density of 61 Mg C ha −1 ) for the year 1994, using district level remote sensing based ground inventory on growing stock volume, and biomass expansion factors based on two crown density classes. Based on the stratum wise growing stock and using single expansion and conversion factors (as prescribed by IPCC) for the year 1995, Lal and Singh (2000) (2004) in forest use, the role of trees outside forest is becoming increasingly important, but this has not been considered earlier in carbon studies.
In this paper, reported data on growing stock (FSI 1995a (FSI , b, 2003 , forest area (FSI 1995a (FSI , b, 2003 , estimated mean wood density and biomass expansion factor for individual states were synthesized to estimate phytomass carbon pool for 1992 and 2002 and the net carbon flux over the 10 year period. Next, the estimates for 2002 were compared with the results estimated by using an approach as recommended by IPCC (2006) guidelines, i.e., accounting for biomass increment and removal of wood from forests (IPCC 2006) . In India, the volume of wood extracted for timber and fuel wood is highly debated as the actual consumption exceeds the recorded production (Haripriya 2003) . Thus, for this approach, the assumed removal of wood from forests per year is subtracted only from the national estimate of phytomass Cpool. The parameters used for estimating biomass and carbon pools can further be used as inputs to models to estimate the net C flux from Indian forests due to land use changes, primarily deforestation.
Materials and methods
Forest Survey of India carries out assessment and monitoring of the forest cover of the country on a 2-year cycle and publishes the findings in the form of "State Forest Reports" (SFR) on biennial basis. The data for this study has been taken from FSI on growing stock and forest area under three crown density classes (D1, D2 and D3) for various States/Union Territories (FSI 1995a (FSI , b, 2003 . To estimate the state-wise phytomass carbon pool for 1992 and 2002, the overall approach was to first estimate the state wise mean density of wood, mean biomass increment and mean biomass expansion factor using a change matrix.
State-wise phytomass C-pool for 1992 and 2002 were estimated using growing stock volume, strata-wise wood density and biomass expansion factors using the following equation:
where, C y (Pg C) is the forest phytomass C-pool for year 1992 and 2002, V is the growing stock volume (000' m 3 ) as reported by FSI for the year 1992 and 2002; D is the state-wise mean wood density (Mg per m 3 ) as estimated from Haripriya (2000) and F j is the estimated biomass expansion factors for (j = 1 and 2 based on Haripriya 2000, and Chhabra et al. 2002a, respectively) . The IPCC default value of 0.5 has been used for the carbon fraction of dry matter. In the second methodology based on IPCC 2006 guidelines, the 1992 estimate was retained as above and the phytomass Cpool for 2002 was estimated by considering biomass increment and biomass removal during 1992-2002. The changes in C-pool during the 10 year period were estimated using the gain and loss method (IPCC 2006) .
where, C is the annual carbon stock change in the pool (Mg C year −1 ), C G is the annual gain of carbon (Mg C year −1 ) and C L is the annual loss of carbon (Mg C year −1 ).
Gains can be attributed to growth (increase in biomass) and to transfer of carbon from one pool to another (e.g., transfer of carbon from the live biomass carbon pool to the dead organic matter pool due to harvest or natural disturbances). Losses can be attributed to transfers of carbon from one pool to another (e.g., the carbon in the slash during a harvesting operation is a loss from the above-ground biomass pool), or emissions due to decay, harvest, burning, etc. The carbon cycle includes changes in carbon stocks due to both continuous processes (i.e., growth, decay) and discrete events (i.e., disturbances like harvesting, insects, and fire). The parameters used for the estimation of phytomass carbon pool were estimated at the state level, whereas the biomass extraction and plantation figures given were applied at national level since state level data was not available. Factors such as shifting cultivation, natural decay of wood, forest fires and release of carbon from soil were not considered in this study.
Haripriya (2000) estimated the stratum wise biomass expansion factor and mean wood density (Mg/m 3 ) for 21 forest strata. These values together with the growing stock are used to calculate the state wise mean density of wood (D) and mean biomass expansion factor (F 1 ) using a change matrix. Similarly, using growing stock volume density (m 3 /ha) and biomass density (Mg/ha) from Chhabra et al. (2002a) , biomass expansion factor (F 2 ) was calculated state-wise separately for dense and open forests. The estimated values of annual increment, wood density, biomass expansion factor are given in Table 4 .
In all the previous eight SFR assessment reports, forest cover was classified into 2 broad categories: dense forest and open forest. Dense forest included all lands with a forest cover of trees with a canopy density over 40% while open forest showed all lands with a forest cover of trees with a canopy density between 10 to 40%. In the 2002 assessment report, the earlier category of dense forest was sub-divided into two classes "very dense forest" (where canopy density is above 70%) and "moderately dense forest" (where canopy density lies between 40 and 70%). The state-wise forest cover area and growing stock data pertaining to the study year 1992 and 2002 was obtained from state forest reports under three density classes D1 (canopy density more than 70%), D2 (canopy density between 40% and 70% and D3 (canopy density between 10% and 40%) (FSI 1995a (FSI , b, 2003 . For the purpose of this study the area under D1 and D2 were added together under dense category. Lal and Singh (2000) have published per hectare value of annual biomass increment for various natural forest types for the year 1995. The area occupied by 16 forest types in different states is reported in the state forest report (FSI 1987) . Both these reported values were used to estimate the state-wise mean annual increment in Mg per ha. The mean annual biomass increment among the states varied between 0.67 Mg ha −1 for Rajasthan to 1.4 Mg ha −1 for Sikkim. The total biomass increment for the period 1992-2002 was estimated using forest area and the annual increment (dry matter, in Mg ha −1 ) multiplied by number of years between two successive estimates for 4 time periods (i.e., 1994, 1997, 2000 and 2002) . The 10-year biomass increment was estimated as 458 Tg using Eq. 3. Arunachal Pradesh contributes maximum increment in biomass (81 Tg) followed by Madhya Pradesh (75 Tg) in the 10 year period: Lal and Singh (2000) and FSI (1995a, b) b Derived from Haripriya (2000) and FSI (1995a, b) c Derived from Haripriya (2000) and FSI (1995a, b) d Derived from Chhabra et al. (2002a) and FSI (1995a, b) e Derived from forest inventories where B (Tg) is the total biomass increment, A (million ha) is the forest area for each state for 4 time periods, when N is the number of years between two successive estimates and I is the annual increment in biomass (Mg dm ha −1 ) ( Table 4) . Plantations are known to have higher biomass increment i.e., estimated national average being 3.2 Mg per hectare per year (Lal and Singh 2000) . To account for higher rate of increment in plantation, national level C-pool was corrected by proportionate correction of increment to the plantation area of 10 Mha for 1992-2002. The plantation rate was corrected for short rotation species only where plantation area for last 10 years was used with the success rate of 0.70. A plantation correction of 408 Tg of carbon was added nationally while estimating the final carbon pool of Indian forests for the year 2002 using the following relation:
where, P c (Tg C) is the correction for plantation pool; A p (million ha) is the plantation area in last 10 years with succession rate of 0.70; B p and B nf are the biomass increments of plantation and natural forests respectively and n is the total number of years. India's National Forest Policy (NFP 1988) aims at maintaining 33% of country's geographical area under forest and tree cover. FSI has been assessing country's forest cover since the 1980's using data from remote sensing satellites on a 2-year cycle but tree cover due to a substantial number of trees not captured by the satellite data was estimated and reported for the first time in the 2001 assessment. This exercise, with much better inventory data on tree cover, has been continued in the 2003 assessment as well. It is important here to define "Tree Cover" and "Trees Outside Forests" (TOF). TOF means all tree crops growing outside recorded forest area. Whereas, tree cover, refers to the area covered by crown of trees that is too small to be delineated by digital interpretation of remote sensing data used for forest cover delineation. Thus, trees included in tree cover constitute only a part of TOF (FSI 2003 ). An estimated 2.68 billion trees outside forests contribute an equivalent additional area of 9.99 million ha. Thus, the total forest and tree cover of the country so estimated comes out to be 77.82 Mha constituting 23.68% of its geographical area (FSI 2003) . The SFR 2003 reports the growing stock volume estimates for TOF at the state level. The total growing stock of wood is estimated to be 1,632 million m 3 outside recorded forest area (FSI 2003) . The phytomass carbon pool of TOF was estimated using the approach given in Eq. 1.
Results and discussion

Forest cover change
The forest cover as estimated using RS data in 1992 was 63.96 Mha and it increased to 67.83 Mha in 2002 (FSI 1995a (FSI , b, 2003 (Manhas et al. 2006 ).
Growing stock
The growing stock estimates for 1992 and 2002 by FSI are 4,741 million m 3 and 4,782 million m 3 . The growing stock data for two periods were independently used with mean wood density (D) and biomass expansion factor (F 1 /F 2 ) for two estimates of phytomass C-pool each for 1992 and 2002. Using directly 1992 and 2002 growing stock data and conversion factors (approach 1) the phytomass C-pool in 1992 was estimated as 2,626 and 3,071 Tg C and in 2002 was estimated as 2,660 and 3,180 Tg C. This suggests nationally phytomass C-pool was a net sink in the range of 34-109 Tg C or 3.4-10.9 Tg C year −1 for the 10-year period. Further, the predicted phytomass carbon pool for 2002, using the IPCC 2006 methodology based on the increment and removal approach (approach 2), was estimated as 2,668 and 3,112 Tg C with an average density of 43 Mg C ha −1 . Comparison of the phytomass C-pool estimates from both the approaches suggest that Indian forests are sequestering carbon and indicate a small annual national sink of 4 Tg C year −1 (or 42 Tg C in 10-year period). Despite the marginal decrease in the percentage of dense forest cover between 1992 and 2002, the growing stock has registered a slight increase during this period. The increase in growing stock may be attributed to the improvement in density, without increase in area.
Biomass expansion factors
Biomass expansion factors were used to convert stand volume to aboveground biomass and account for the non-commercial components such as branches, twigs, bark, stumps and foliage. Brown et al. (1989) and Hall and Uhlig (1991) report these factors to be in the range 1.14-1.6. However, Brown et al. (1989) related biomass expansion factors to volume and density and the same approach was used in Chhabra et al. (2002a) , to convert growing stock in three density classes to an estimate for the forest C-pool. Haripriya (2000) used regression equations for species such as Teak (Tectona grandis Linn f.), Sal (Shorea robusta Gaertn.f.) and Chir pine (Pinus Roxburghii). The biomass expansion factors used were 1.59 for broad-leaved species, 1.51 for conifers and 1.55 for hardwoods mixed with conifers, similar to Hall and Uhlig (1991) and Brown et al. (1989) . Biomass expansion factors were also estimated using the ratio of biomass density and growing stock volume density for three crown density classes of forest cover in each state as published in Chhabra et al. (2002a) . The latter is based on log relation between growing stock volume density and biomass expansion factor (Brown et al. 1999) . The approach of using density dependent biomass expansion factors from (Chhabra et al. 2002a ) provided conversion factors in range of 1.1-2.4 for dense forests and 1.15-4.6 for open forests. The biomass expansion factors used in this study are within the range as proposed by earlier authors for tropical forests. The results from both the approaches strongly suggest that accumulation in aggrading forest in the study period have resulted in an increase in the phytomass carbon pool and furthermore indicate an annual sink of 4 Tg C at the national level. For India, Ravindranath et al. (1997) has estimated a marginal net sequestration of 5 Tg C for the reference year 1986. However, there are additional factors mentioned below that need to be considered before the net carbon balance for Indian forests and trees can be derived.
Wood extraction
In India, the volume of reported extraction of timber and fuel wood from forests is much lower than the actual consumption (Haripriya 2003) . There are different estimates for fuel wood such as 235 million m 3 per year (Ravindranath et al. 1997 ), 303 million m 3 for 1996 (FSI 1996) , 297 million m 3 for 2000 (FAO 2002) . Similar to varying estimates on fuel wood consumption, considerable difference of opinion on what fraction comes from forests exists. The National Sample Survey Organisation (NSSO) of the Ministry of Statistics and Programme Implementation estimated that annual requirement of fuel wood is 201 Tg or 251 million m 3 , out of which approximately 51% (103 Tg) comes from forests (including plantation) and rest 49% (98 Tg) from farm forestry and other wooded lands outside forests. Most of the fuel wood studies conducted in India focused on the consumption aspect rather than the supply and source aspect. Since no reliable information is available on production and consumption of wood from forests, the total annual demand of wood is between 324-434 million m 3 , where as the total sustainable availability of wood from all sources (public and private) is only 127 million m 3 per year (www.un.org). For the purpose of this study, it was assumed that approximately 23 million m 3 of timber and 126 million m 3 of fuel wood were extracted from the Indian forests annually (Haripriya 2001) . The estimated total phytomass carbon removed from the forests was 59.6 Tg C per year or 596 Tg C in the 10 year period from 1992 to 2002, which was subtracted from the national total only. This approach has not been adopted in earlier studies as availability of reliable data is limited. Thus, the projected phytomass carbon pool for the year 2002 was in the range 2,668 Tg C-3,112 Tg C with an average carbon density of 43 Mg C ha −1 using the increment and removal approach.
3.5 Role of trees outside forests TOF include trees in cities, on farms, along roads, canals, railway tracks and in many other locations which by definition are not forests. Trees outside forests have been making a major contribution in meeting the needs of timber and fuel wood. The total growing stock of wood in India is estimated to be 6,414 million m 3 comprising 4,782 million m 3 inside forests and 1,632 million m 3 outside recorded forest area (FSI 2003) . Maximum growing stock in TOF is observed in Andhra Pradesh followed by Maharashtra and Gujarat. Most of the studies conducted so far have not considered the role of trees outside forests in carbon balance. Trees outside forests store about 934 Tg C or 4 Mg C ha −1 , in addition, to the Indian forests.
Role of soil as deforestation area is large
Soil organic carbon is the largest terrestrial carbon reservoir. Approximately 40% of the global carbon inventory resides in forest ecosystems and dynamics of forest soil organic carbon has significant implications to global carbon budget. Although there are some recent studies on Indian forest phytomass C-pool (Ravindranath et al. 1997; Chhabra et al. 2002a) , litterfall ) and soil organic carbon (Chhabra et al. 2003 ) but more refined and accurate estimates of soil organic C-pool in different Indian forest types are required for computing soil carbon cycle changes due to deforestation in India.
Role of stored wood products
Carbon is released from harvested materials at all stages of progressing, product use and final disposal. Due to burning of fuel wood, 90% of the harvested carbon from forests is emitted in the first year itself, and during the production process, 9% is lost as process energy (Haripriya 2001) . Of the large mass of carbon harvested in India in 1994, only 0.8% (515 Gg C out of 68,880 Gg C) is remaining in the wood products in use at the end of 100 years. As fuel wood is the main source of energy in India, the amount of carbon stored into wood products is very small. Improving the processing efficiencies and increasing the durability of small and medium lifespan wood products and providing sustainable sources of energy in order to substitute for unit of carbon emitted due to burning of fossil fuels can increase the carbon sequestration into wood products.
Carbon loss due to forest degradation
Deforestation and other changes in land use cause significant exchanges of carbon between the land and the atmosphere. In addition to carbon release from deforestation or clear cutting, degradation of existing forests also contributes to carbon release from grazing, fire, death due to disease and pests, illegal removal of timber, nonsustainable harvest of firewood or timber, etc. Evidence of this is available from various studies (Manhas et al. 2006; Ravindranath et al. 1997; Haripriya 2003; Chhabra and Dadhwal 2004; Haripriya and Atkinson 2006; Kaul et al. 2009 ). Ravindranath et al. (1997 reported that for the reference year 1986, a total of 27.6 Tg C is emitted from the Indian forests annually as a result of deforestation and 12.87 Tg C from degraded forests. Manhas et al. (2006) estimated that between 1984 and 1994 about 17.22 Tg wood biomass and 10.69 Tg C was removed at the rate of 1.72 Tg year −1 and 1.07 Tg C year −1 respectively, from the North-Eastern states. The cumulative area subject to shifting cultivation in North-Eastern states during the period from 1987 to 1997 was 1.73 Mha (FSI 1999) . FSI (2003) Chhabra et al. (2002b) for 1988 (asterisk) and Chhabra and Dadhwal (2004) for 1993 (filled triangle) the degradation process. On an average, 54.7% of forests are affected by fires and 72.1% of the forest area is subjected to grazing (Manhas et al. 2006) . Kaul et al. (2009) estimated that the annual change in C stocks in biomass due to forest land conversion to cropland and waste land was 9.4 Tg C during 1982-1992 and 3.02 Tg C during the period from 1992-2002.
The phytomass C-pool estimates are associated with significant uncertainties due to deficiencies in data, volume biomass conversion approach and the extent of the effect of human activity on ecosystems and environment, because many ecological processes depend on the carbon cycle. Comparison of our state level forest phytomass C-pool estimates with earlier studies is shown in Fig. 2 . The comparison shows that the earlier studies have higher estimates of the phytomass carbon density than ours. This may be due to estimation of only wood biomass in our study or due to higher percentage of degraded forest cover in India. Chhabra and Dadhwal (2004) used the growing stock volume density with an additional biomass expansion factor for bamboo. This estimate was ∼21% higher than the present estimate. The correlation coefficient, r was 0.85, 0.83 and 0.90 with Richards and Flint (1994) estimate for 1980; Chhabra et al. (2002b ) for 1988 , and Chhabra and Dadhwal (2004 for 1993.
Conclusion
In spite of the fact that biomass demands and pressure on Indian forests continue to grow because of increasing population, the conversion of forest lands for other uses has actually declined since 1980. This is mainly due to enforcement and effective implementation of measures to control deforestation of our natural forests and ensure rehabilitation of major forest areas.
The results indicate that the predicted phytomass carbon pool for 2002, using the IPCC 2006 methodology based on the increment and removal approach, was in the range 2,668-3,112 Tg C with an average density of 43 Mg C ha −1 and using directly 2002 growing stock data and conversion factors it was estimated as 2,660-3,180 Tg C with an average density of 43 Mg C ha −1 . Thus, it is concluded that Indian forests are sequestering carbon when the phytomass C-pool estimates of 1992 and 2002 are compared. The results from both the approaches strongly suggest that accumulation in aggrading forest in the study period have resulted in an increase in the phytomass carbon pool and indicate a small annual sink nationally of 4 Tg C year −1 . The estimated C-pool for trees outside forests is 934 Tg C indicating a national average tree C density of 4 Mg C ha −1 in non-forest area in contrast to an average density of 43 Mg C ha −1 in forests. However, there are additional factors mentioned earlier that also need to be considered before net carbon balance for Indian forests and trees is estimated. It is clear from the entire national, state and district level studies conducted so far that there are several fuel wood sources but the exact contribution from each source is not known. A major segment of the rural population gathers fuel wood and other bio-fuels free of cost and therefore accurate records of removal and consumption are not maintained. Since the per capita consumption of fuel wood is a dynamic entity and varies in time and space, per capita estimates of rural and urban fuel wood consumption are also not accurate. Moreover, there exists a large amount of wood resource outside the forests and accurate information about these trees is a pre-requisite for their proper management.
In spite of high pressure, forest biomass currently is not a very large source of carbon dioxide in India. This has also been concluded in studies such as Ravindranath et al. (1997) and Chhabra et al. (2002b) . This is also supported by Kauppi et al. (2006) who have found forests to be sequestering carbon in many parts of the world. Since deforestation continues and soil also continues to lose C, the net C release could be higher. However in 10-year period, 3.85 Mha have been added, 0.79 Mha is deforestation while unrecorded extraction could be much higher. Thus, model studies and spatial analysis is needed to estimate source and sink of carbon with greater confidence. Our results provide an improvement over the previous estimates as they include biomass increment and removal at the national level. The mismatch between the periods of image acquisition for remote sensing based inventories and field inventory of growing stock by FSI may introduce uncertainty in the carbon estimates. Thus, comparable year to year growing stock estimates are not available and constant carbon density for open and dense forest category is usually assumed. However, due to continuous harvest or deforestation as well as afforestation, constant density is not likely to hold.
The Ministry of Environment and Forests (MoEF 1999) estimates total plantation area, i.e., as forests, wastelands, village commons, and road/canal side and farmers lands. The road/canal side and farmers land plantation will be reflected in trees outside forests. In addition due to short rotation plantation (7-10 years), species are clear felled and the area is replanted. In cumulative area of plantations, replanted areas are counted doubly and areas of failed plantations are also included. Uncertainty therefore exists in the actual area of plantations. Chhabra et al. (2002b) therefore, suggested that if estimates are obtained at district level/ grid wise more refined numbers would be generated. Direct use of plantation area would give rise to larger overestimates and we aim to produce conservative estimate in our study.
The use of different biomass expansion factors is another major contributor to the uncertainty in phytomass carbon estimates. Results indicate that use of common BEF's can underestimate the above ground biomass as Brown et al. (1989) have demonstrated BEF is related to growing stock volume density. Also using different biomass expansion factors for dense and open forest categories resulted in low and high forest phytomass carbon estimates, indicating that many states which have large forest area in dense category the carbon densities are low (Dadhwal and Shah 1997) . This reflects the large pressure and use of forests in India. The biomass expansion factors used for our study are species based in dense and open density classes of Indian forest types. It is required to develop expansion factors based on Indian data to represent various forest types or species specific in order to reduce the uncertainties and improve the estimates of forest phytomass C-pools and net C flux in Indian forests. Forest carbon density changes as a result of succession, growth, harvesting, and clearing of forests for non-forest purposes and natural disturbances like fires, insect and pest outbreaks or changes in climate. In a developing country like India, because of increasing population density, forest degradation will continue thereby reducing forest C density and releasing carbon into the atmosphere. However, proper management of degraded forests will result in significant increase in carbon sequestration by these forests.
